Sea cucumbers are widely consumed in traditional medicine and food. These animals have a considerable secondary metabolite and also several potential biological activities. This study investigated the phytochemical and cytotoxic evaluation of Holothuria leucospilota (H. leucospilota), a sea cucumber from Persian Gulf. The saponin composition of H. leucospilota was studied by different partitioning and chromatography methods such as thin layer chromatography (TLC), medium pressure liquid chromatography (MPLC) and high performance LC (HPLC). The marine sea cucumber Holostane-type triterpenoids (1-3) were characterized by physical and spectroscopic examination (1 and 2 dimensional neuclear magnetic resonance and mass experiments) with data analysis. The structure of compounds 1-3 identified as echinoside A, holothurine A, and 24-dehydroechinoside A, showed moderate cytotoxic activity with IC50 values of 1.9 ± 0.07, 6.8 ± 0.23, and 2.57 ± 0.18 µg/mL against HeLa and 10.4 ± 0.32, 8.9 ± 0.24, and 4.4 ± 0.13 on HUVEC cell line, respectively. In conclusion, the holostane-type triterpenoids showed moderate cytotoxic activity against HeLa cell line and have a prosperous future to be introduced as a lead structure.
INTRODUCTION
Marine environment is an incomparable source of secondary metabolites, with structures, which have not typically found in terrestrial plant natural products. In the last decade, wide range of new structures isolated from marine habitat points that marine organisms render a great number of novel bioactive structures (1, 2) . On the other hand, marine animals are a prime source of potent secondary metabolites with pharmaceutical activities compared to microorganisms, marine plants, terrestrial plants and animals (3) . Therefore, the marine invertebrates are an appropriate source of highly-occurrence cytotoxic compounds (4) .
Sea cucumbers (Holothuridae and Stichopodidae) have been utilized in Chinese or oriental medicine and food stuffs (5) and also commercially from past to present (6) . Sea cucumbers specially Holothuridae is a rich sources of chondroitin sulfates, triterpen saponin glycosides, sulfated polysaccharides, glycosaminoglycan, cerberosides, phenolics, sterols (glycosides and sulfates), lectins, glycoprotein, glycosphingolipids, peptides, and essential fatty acids. In Chinese and Malaysian literature sea cucumber has been studied for their capability against hypertension, rheumatism, asthma, impotence and constipation (5, (7) (8) (9) . These organisms indicate a variety of potent pharmacological activities such as antiangiogenic, antitumor, anticoagulant, antimicrobe, anti-cancer, antioxidant, and anti-inflammatory, and antithrombotic activities (10) (11) (12) (13) .
Moreover, holothurians are rich in vitamins and metals, but they are also consumed because they are believed to be an aphrodisiac food. Sea cucumbers are a rich source of saponins, and in particular triterpen glycosides, composed of an aglycone based on the lanostane skeleton and an oligosaccharide chain, with a variable number of monosaccharaides (from 1 to 6), one or more of them bearing a sulfate group (14) . The biological activity of saponins is generally attributed to their strong membranolityc action following their interaction with sterols of cellular membrane (15) . Saponins from holothurians seem to have an ecological role as defense compounds against predators (16) , although they can also have a significant function in attracting symbionts (17) .
Sea cucumber Holothuria leucospilota (H. leucospilota) is an edible sea cucumber with a high content of bioactive compounds. To date, some papers have been showing the potential biological activities of extracts of H. leucospilota; however, only a few studies on the chemical profile, and more specifically on the saponin profile of H. leucospilota have been performed, and they are limited to specimens collected near the south China Sea (18, 19) The aim of this study was phytochemical analysis of H. leucospilota, a sea cucumber from Persian Gulf and evaluation of their cytotoxic activity against HeLa and HUVEC (normal) cell lines.
MATERIALS AND METHODS

General experiment and procedures
Column chromatography (CC), lichroperp RP-18 25-40 µm; thin layer chromatography (TLC), silica gel GF254 plates (20 × 20 cm, 0.5 mm (Merck, Germany); screening by spattering with cerium sulphate (Sigma, USA) in 10% aq. H2SO4 and using heat. All solvents used were of high pressure liquid chromatography (HPLC) grade (Caledon Laboratory Chemicals Ltd. Georgetown, Ont. Canada). Neuclear magnetic resonance (NMR; Bruker, USA) AV-400 (1H) and AV-100 (13C); EI-MS: waters Q-TOF Micro YA019 mass spectrometer (USA).
Animal material
Specimens of the sea cucumber H. leucospilota were collected by scuba diving from the coast of Persian Gulf, Bushehr, I.R. Iran. The animal was frozen immediately.
Extraction and isolation
The frozen specimens of H. leucospilota were freeze dried and minced. The powder (220 g) exhaustively extracted five times in 1 L EtOAc: methanol (1:1). The crude extract (35 g) was partitioned successively through Kupchan partitioning method to hexane, dichloromethane, BuOH and water (17) . The BuOH extract (15 g) was fractionated by medium PLC (MPLC) on RP-18 25-40 µm) eluted with H2O: MeOH (0-100%, stepwise) to give 80 fractions. All the fractions were checked with TLC and NMR for their saponin contents. Some fractions containing saponins were finally purified to yield compounds 1-3. 
Cytotoxicity evaluation
The epitheloid cervix carcinoma cell line, HeLa, and human umbilical vein endothelial cells, HUVEC were provided by the Pasteur Institute of Iran, Tehran, I.R. Iran. Cells were incubated in a humidified incubator with 5% CO2 at 37 ºC. HeLa and HUVEC cells were fed with Roswell Park Memorial Institute (RPMI) medium and Dulbecco's Modified Eagle's medium (DMEM), respectively. The media were fed with 10% (v/v) fetal bovine serum (FBS) and 100 IU/mL penicillin or streptomycin.
To identify bioactive compounds from the algae, cytotoxicity of four different partitions including water, butanol, dichloromethane, and hexane were firstly evaluated, and then the most effective partition was subjected to further fractionation using HPLC. Twelve fractions were also screened for their cytotoxic effects. In vitro cytotoxicity of samples against HeLa as well as HUVEC cells was evaluated using 3-(4, 5-dimethyl -2thiazolyl)-2, 5 -diphenyl -2H -tetrazolium bromide (MTT) assay as explained previously. Briefly, a cell suspension of 2 × 10 5 cells/mL was seeded in 96-well plates and incubated for 24 h for cell attachments. The dried fractions or partitions were dissolved in dimethyl sulfoxide (DMSO) (the final DMSO concentration in the palate was less than 1%) and 20 µL of different concentrations (0.5-4 µg/mL) of each sample was added and incubated at 37 °C for 72 h in a humidified atmosphere. Then cells were incubated with 20 µL of MTT solution (5 mg/mL) at 37 °C for 3 h. The medium was removed and MTT-formazan crystals dissolved and 150 µL of DMSO was subjoined and the absorbance was measured at 570 nm by a plate reader. Doxorubicin was used as positive control, and cells treated with DMSO (1%) was used as negative control. The cell survival was calculated according to the following equation:
Statistical analyses
All data are expressed as mean ± standard deviation (SD) and the statistical analysis was performed by SPSS version 20 software. Data were analyzed by one-way ANOVA followed by Tukey's post hoc test.
RESULTS
Extraction and isolation
The EtOAc:MeOH (1:1) extract of H. Leucospilota (220 g, dried) was partitioned through Kupchan partitioning method to hexane, dichloromethane, n-BuOH, and H2O. The n-BuOH extract was consecutively fractionated to MPLC on LiChroprep ® RP-18 (25-40µm) to yield the pure echinoside A (1), holothurine A (2) and 24-dehydroechinoside A (3). These three known compounds were isolated and identified by comparison of 1 and 2 D-NMR and mass experiments with data analysis and previous literatures.
Structural determination of Echinoside A
Echinoside A (1): colorless crystals; infrared (IR) ν max 3380 (hydroxyl group), 1745(γ-lactone group), 1260 and 827 (sulfate group), and 1070 cm −1 ; 1 H and 13 C-NMR data, see Table 1 ; ESI-MS m/z 1208.3096 [M -Na] + ; (calcd for C54H87NaO26S, 1207.3096).
Echinoside A (1) was a crystal with molecular formula of C54H87NaO26S by the molecular ion [M-Na] at m/z 1207.30 in the ESI-MS (positive-ion mode). The IR spectrum showed an absorption band at 1745 cm -1 , strong broad absorption bands at 3380 and 1070 cm -1 as well as two further absorption bands at 1260 and 1210 cm -1 . The 1 H-NMR, 13 ). The spectra also showed a broad singlet resonance due to a CH proton linked to a carbon with a hydroxyl group at δH 4.42 (δC 70.1) and a quaternary oxygenated carbon at δ 87.9, The HMBC experiment determined all proton connectivity with those of their corresponding carbons that are separated by two, three, and, sometimes in conjugated systems, four bonds. Through HMBC experiment, the signals of interglycosidic linkages, relative to shifts expected for the corresponding methyl glycopyranosides, are downfielded; δC 81.4 (xylose C-2, Xyl), δC 86.2 (quinose C-4), δC 87.6 (glucose C-3) (19). A cross-peak between the H-1 of Xyl and C-3 of the aglycone showed the connection of Xyl and C-3 of the aglycone, then the interglycosidic linkages could be derived the same way. The location of linkage of the sulfate group in the sugar units was determined by studying the NMR chemical shifts of the sugar moiety, C-4 (Xyl) shifted downfield to 74.3 ppm, explaining that the sulfate group was located at C-4 of the Xyl unit. The structure of the carbohydrate chain of compound 1 was corroborated by HMBC correlations which has already been confirmed by previous researches (19) .
Structural determination of Holothurin A
Holothurins A (2): colorless oil; IR (neat) ν max 3420 (hydroxyl group), 1745 (γ-lactone), 1640 (diene bond), 1225 and 827 (sulfate group) and 1070 cm −1 (oxido moiety); 1 H and 13 C NMR data, see Table 1 ; ESI-MS m/z 1222.2931 in a positive ion mode (C54H85NaO27S [M + 1] + ); (calc for C54H85NaO27S 1221.2931 m/z). The structure, carbohydrate moieties, and its 13 C-NMR spectral data of glycosides of compound 2 are shown in Table 1 and Fig. 1 
Structural determination of 24 -dehydroechinoside A 24-dehydroechinoside A (3)
: colorless crystals; IR ν max 3380(hydroxyl group), 1745(γ-lactone group), 1653 (olefinic group), 1260 and 827 (sulfate group), and 1070 cm −1 ; 1 H and 13 C-NMR data, see Table 1 ; ESI-MS m/z 1206.2937 [M -Na] + ; (calcd for C54H85NaO26S, 1205.2937). 13 C-NMR spectral data of the carbohydrate moieties of compound 3 glycosides are shown in Table 1 . Similar to compounds 1 and 2, these carbohydrate chains included 3-O-methyl-glucopyranosyl, glucopyranosyl, quinovopyranosyl, and xylopyranosyl residues with a sulfate group attached to C-4 of the Xyl unit. The basic differences between compounds 1 and 3 was in their side chains; compound 1 possesses a -OH group at C-17 (δC 87.9) while compound 3 has a C=C bond at C-23 δH 6.13 (δC 120.6) and C-24 δH 6.03 (δC 143.6).
Cytotoxicity evaluation
The cytotoxic activity of the pure compounds 1-3 and all partitions against HeLa tumor cell-lines was assessed by 3-(4,5dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay. The activity was measured based on cell viability after 72 h of treatment. Compounds 1-3 showed cytotoxic activity against the human cervix carcinoma HeLa cell-line, with IC50 in the range of 1.9-6.8 µg/mL (Table 3 ). Among them, compound 1 was the most potent, with IC50 of 1.9 ± 0.23 µg/mL. Compounds 1-3 displayed significant cytotoxicity on the growth of HeLa cell line in comparison with positive control.
DISCUSSION
The IR spectrum showed an absorption band at 1736 cm -1 (related to a γ-lactone group), strong broad absorption bands at 3424 and 1073 cm -1 (related to glycosidic structure) as well as two further absorption bands at 1258 and 1210 cm -1 (related to sulphate group). Table 3 . IC50 values (μg/mL) of isolated compounds and partitions against Hela and HUVEC cells. Data represent mean ± standard deviation. * Indicates significant differences (P < 0.05) in comparison with the positive control.
Compounds or partitions Hela cells HUVEC cells
Compound 1 174.0) . The spectra also displayed a broad singlet resonance due to a -CH proton linked to a carbon with a -OH group at δH 4.42 (δC 70.1) and a -C-bearing a hydroxyl at δ 87.9, suggesting the presence of the holostane structure with 9 (11) en-3, 12, and 17 triol moiety. The assignments of the NMR signals belonging to aglycone moiety extracted from the H-and C-NMR, led to the identification of aglycone moiety as 9 (11)-holostene-3β, 12α, and 17α triol. The 1 H-and 13 C-NMR spectra displayed signals for four anomeric protons and their correlated -C, δH 4.32 (δC 103.9), δH 4.37 (δC 102.9), δH 4.34 (δC 103.6), and δH 4.48 (δC 103.9). It was also exhibited four signals at δ 4.32, 4.34, 4.37, and 4.48, that showed the position of anomeric proton each one doublet with 3 J H-1/H-2 = 6.8 to 7.6 Hz, a trans-diaxial orientation according to coupling of β configuration partners represented by the large vicinal coupling constants of each anomeric proton (Tabes 1 and 2) .
The tetra saccharide chain assignment, the linkages between the glycosides and the sugar arrangement determined predominantly by HMBC and comparison with reported data (21) . Thus, H-3 showed linkage with H-1 (Xyl), H-1α (1.03 ppm), H-5, and H-32 confirming the β configuration at C-3. The coupling constant for H-12 with H-11 (5.23 Hz) was represented the 12α configuration of the -OH group. Final assignments were completed by checking the results of HMBC spectrum ( Table 2 ). The structure of the carbohydrate chain of compound 1 was corroborated by HMBC correlations.
The NMR data represented that compounds 1-3 have the same sugar arrangement. Thus, the structure of compound 1 demonstrated to be 3
-D-xylopyranosyl]-9(11)-holostene-22ketone-3β ,12α ,17α -triol. The structure of this compound is shown in Fig. 1 .
The molecular formula of compound 2 was identified as C54H87O26SNa by a pseudomolecular ion [M + Na] + at m/z 1243.3689 EI-mass (positive ion mode), calculated for C54H85NaO27S, 1221.2931 m/z. 13 C-NMR spectra of glycoside 2 showed the resonance bond of -OH groups at C-12 (71.7 ppm) and C-17 (89.7 ppm) in the holostane structure. The primary signals was confirmed with the corresponding proton signal Correlation from H-21 to C-22, H-23 to C-22 in the HMBC spectrum indicated that carbonyl group belonging to ketone was located at C-22 of the aglycon. These data showed the difference between compounds 1 and 2 in their side chains. Compound 1 has aliphatic side chain and compound 2 has tetrahydrofuran side chain. The 13 C-NMR spectrum of the aglycon moiety of compound 2 was identical to that of the holothurin A1 from H. floridana (20) .
Each of these data including results of 1 and 2D-NMR spectrum was permitted the structural elucidation of this aglycone moiety as 9 (11)-holostene-22-ketone-22, 25 dioxo-3β, 12α, and 17α triol (21) . The structure of this compound is shown in Fig. 1 .
All the data ( Table 1) including results of 2D-NMR experiments allowed identification of this aglycone moiety as 9 (11), 23(24)-dien-holosta-22-ketone-3β, 12α, and 17α triol (18) . The structure of this compound is shown in Fig. 1 .
The holostane-type triterpenoids showed moderate cytotoxic activity and have a prosperous future to be introduced as a lead structure. The anti-tumor activity of echinoside A and its structure-activity relationship in vitro and in vivo have been evaluated. Echinoside A has shown to inhibit activity of cell proliferation by inducing apoptosis in HepG2 cells (24) . Furthermore, it is confirmed that the cell cycle could be arrested in the G0/G1 phase with echinoside A. Studies have shown that echinoside A significantly enhanced the expression of the cell-cycle-related genes, such as c-myc, p16, and p21 and reduced the cyclin D1 (25) . Nuclear factor kappa B (NF-κB) expression was not affected by echinoside A. This compound with dose of 2.5 mg/kg in mice bearing H22 hepatocarcinoma tumours showed decreased tumor weight by 49.8% (26) . According to aforementioned investigations the holostane type compounds, depending on their structure, may induce apoptosis of HepG2 cells in an NF-κBdependent or NF-κB-independent manner. Zhao et al. reported that holothurin A and dehydroechinoside A treatment significantly suppressed adhesion of human hepatocellular liver carcinoma cells (HepG2) to both matrigel and human endothelial cells (ECV-304) and inhibited HepG2 cell migration and invasion in a dose-dependant manner. Both compounds reduced tube formation of ECV-304 cells on the matrigel in vitro and attenuated neovascularization in the chick embryo using the chorioallantoic membrane assay in vivo. Immunocytochemistry analyses revealed that these compounds significantly decreased the expression of the matrix metallo-proteinase-9 (MMP-9) and increased the expression level of tissue inhibitor of metalloproteinase-1, an important regulator of MMP-9 activation. Western blot analyses demonstrated that HA (1) and DHEA remarkably abolished the expression of vascular endothelial growth factor (VEGF) (27) . Accordingly, holothurin A may activate this pathways on the other cancer cell lines in an NF-κB-dependent or independent manner and with down-regulation of the expression of B-cell lymphoma 2, and increased caspase-3 activation, release of mitochondrial cytochrome c, and poly (adenosine diphosphate ribose) polymerase, cleavage (28, 29) . In another study, both echinoside A and holothurin A repressed the pancreatic lipase activity and increased fatty acid excretion in the feces. Treatment with both compounds significantly decreased the adipose tissue accumulation in mice. They manifested different inhibitory activities in vitro, but each of them dramatically inhibited lipid absorption in vivo and showed strong anti-obesity activity (30) . Thus sea cucumbers were shown, once again, to be an important source of bioactive compounds. The analyzed specimen of H. leucospilota was shown to contain a number of triterpene glycosides. An unbiased and isolation-independent analytical method like LC-MS/MS combined with molecular networking could be the basis for future, more meaningful comparisons.
CONCLUSION
Holostane-type triterpenoids are the major component of the organic extract of the sea cucumber H. leucospilota, collected from the Persian Gulf, and compounds of this type have been shown to have the biological effects for used in pharmaceutical and medical applications. Our studies of H. leucospilota have led to the isolation of three known compounds echinoside A, holothurin A, and 24-dehydroechinoside A which exhibited moderate cytotoxic activity against HeLa cell line.
